Hydrolytic decomposition occurs during the fusion of a eutectic mixture of lithium chloride-potassium chloride containing traces of moisture if the fusion conditions are not controlled. The resultant contamination by hydroxyl ion greatly lowers the utility of this mixture as a fused salt solvent. The effectiveness of various procedures used for preparation of the fused salt solvent was followed by observation of the characteristic polarographic residual current using a platinum microelectrode. A preparative method is described which involves drying the mixture under moderate vacuum, fusion under anhydrous hydrogen chloride, and removal of the hydrogen chloride from the melt.
For the initial work of a long-term general investigation in fused salt electrochemistry, a eutectic mixture of LiC1-KC1 was selected as the fused salt solvent. Advantageous characteristics of this solvent are good thermal stability, wide span of electrolytic decomposition potential, absence of strongly acidic or basic properties, high conductivity and fluidity, and commercial availability of its components as the reagent grade salts. Further, the melting point is low enough and its chemical reactivity is such that Pyrex glass can be utilized as a material of construction. The properties of the solvent thus permit, in theory, a study of the electrochemistry of a wide variety of solutes with a minimum of interference from solvent effects and with only moderate experimental difficulty as high temperature work goes.
In practice, the potentiality of these desirable solvent properties, particularly the wide decomposition potential span, is limited by the purity of the fused solvent which can be prepared. The most troublesome aspect of preparing a pure LiC1-KC1 eutectic fusion arises from the highly deliquescent property of the LiC1. Unless special precautions are taken, hydrolytic decomposition occurs as the temperature is raised and HC1 is lost from the system. Concurrently, the melt becomes contaminated with alkaline products.
Various methods have been proposed and used to prevent hydrolytic decomposition during the preparation of anhydrous chlorides. The heating of hydrated rare earth chlorides with gross amounts of NH,C1 is one classic method. For the preparation of fused LiC1-KC1 mixtures containing potassium hexachloromolybdate, the method of heating the salt mixture to fusion in a stream of dry, inert gas followed by an electrolysis of the melt for removal of oxygen as molybdenum oxides at the cathode and by volatilization of molybdenum oxychlorides has been used (1). Another procedure involves drying the LiC1 and the KC1 separately by first slowly heating the salts to between 480 ~ and 500~ under high vacuum (10 -~ to less than 104 mm Hg), then mixing the dried salts together under a controlled atmosphere in a dry box, and finally fusing the dry mixture under high vacuum (2, 3) . The method to be described here involves drying the eutectic mixture under moderate vacuum, fusing the mixture under anhydrous HC1 at atmospheric pressure, and then removing the excess HC1 from the fused solvent.
Experimental Procedure
The apparatus used in this work includes the fol- (4) (5) (6) . The microelectrodes used consisted of 26 gauge Pt wire sealed into Corning 0120 glass with about 1 mm of the wire projecting (total electrode area of 1.4 mm ~) or 18 gauge tungsten wire sealed into Pyrex glass with the wire ground flush to the glass (total electrode area of 0.8 mm~). Polarograph: The polarograms reported were observed as automatically recorded curves by using an "Electrochemograph," Type E, Leeds and Northrup, Philadelphia. Fused salt cell: The cell used is described below.
The cell in which the solvent preparation procedure is completed has been found very useful in performing both chemical and electrochemical experiments. As it is a general tool for fused salt research (6), it is described in greater detail than is necessary merely for use as the solvent preparation vessel. Fig. 1 is an illustration of the various cell components. The cell as shown is only partially assembled and all of the various components shown are not necessarily to be in use at one time. An explanation of the function of these components serves to indicate which combination is needed for a particular purpose. All of the glass parts are Pyrex (Corning 774) except as otherwise noted.
The side arm tube A is the fused salt container. It is 33 cm long by 6 cm OD and indicates the scale of the illustration. In use, the tube contains fused salt to a depth of about 41/z cm and protrudes from the furnace above the level L-L which is 12 cm from the bottom, but in more recent work has been increased to 15 cm. The melt inside tube A can be divided into several portions by the compartments B which are closed at the bottom by medium porosity fritted glass disks. These portions of melt are then in electrolytic contact with one another but cross-contamination of the compartment contents is prevented. A number 13 rubber stopper C serves to close the tube A and to support within the tube A the inert-gas delivery tube D, the thermocouple sheath E, and various electrodes. Those holes in stopper C which are not in use are closed by glass plugs F. The large holes in stopper C permit easy manipulative access to the interior of tube A. During the experiment, for example, individual compartments can be removed from the system, using hook H, or known amounts of a solute can be added to any one of the compartments within the tube, using platinum spoon G. The entry of air into the system is prevented by an argon atmosphere which blankets the fused salt.
The seven holes in the stopper must have parallel axes and must fit their respective glass parts (10 mm and 16 mm in this case) very snugly but without binding. It has been found advantageous to bore the holes with a drill press, using a regular twist drill. The stopper is first frozen in a dry ice-"Cellosolve" mixture.
A principal advantage of this cell is that several different solution compositions can be maintained at one time in separate compartments in the tube. Thus, a new bath of fused salt solvent need not be prepared for each change of experimental condition. The precise course of an experiment need not be predetermined, since it is a simple matter to alter the composition of a compartment at any time without affecting the composition of the rest of the compartments. This is an extremely valuable advantage in fused salt research.
The fritted barriers of the compartments are very effective for preventing diffusion of a solute out of its compartment. Electrically, the barriers are efficient in that the resistance is but 20 to 50 ohms between two Pt wires immersed in the eutectic solvent of two different compartments.
Preparation of the eutectic solvent is carried out as follows. Reagent grade LiC1 and KCI are taken in the proportion 0.59 mole to 0.41 mole and mixed together. The mixture is placed in a suitable vessel and exposed to a vacuum (0.1 to 0.2 mm Hg) for 6 hr to remove excessive moisture so that the material will not cake during the next step. All transfers of the material from this point on must be made as rapidly as possible to avoid excessive pickup of atmospheric moisture. The vacuum-dried mixture is ball-milled to a fine free-flowing powder in a clean, tightly closed jar, using porcelain balls which have previously been leached with 6N HC1, rinsed with pure water, and oven-dried. The ground mixture is stored in 1-1b screw-cap jars until needed. It has been kept as long as 1 year without caking, provided that the ground mixture is vacuum-dried
JOURNAL OF THE ELECTROCHEMICAL SOCIETY

August 1957
at room temperature for a few hours immediately after being transferred into the 1-1b containers.
A large desiccator having an appropriately drilled Lucite plate serves to sieve the balls from the mixture without undue exposure to atmospheric moisture.
The solvent preparation for an experiment, working from the vacuum-dried, ground mixture, is completed in tube A, referring to Fig. 1 . Tube A is fitted with a stopper C carrying a gas delivery tube D and a thermocouple sheath E. All unused holes in the stopper are closed by plugs F. The spherical joint of tube D is connected to a stopcock at which either argon or anhydrous HC1 is available at a pressure of 4-5 cm Hg in excess of atmospheric pressure. The sidearm of tube A is fitted with its protective drying tube I, which is in turn connected to a vacuum manifold. With the stopcock of the gas delivery system closed, the system is evacuated to check for the presence of leaks. The system is considered free of leaks if the pressure reading is 0.2 mm Hg or lower. Air is then admitted to atmospheric pressure through the drying tube I.
The charge of ground eutectic mixture is then loaded into the cell through one of the large holes. It should be emphasized that tube A does not contain the compartments B at this point and that the gas delivery tube D is within 1 cm of the bottom of tube A. After loading the charge of eutectic mixture into tube A, the system is maintained evacuated at room temperature for a period of 3 days. The system is next gradually brought to a temperature of 300~ during an 8-hr period by appropriate adjustment of the furnace controls, vacuum being maintained all the while.
Fusion of the charge is effected under the following conditions. Anhydrous HC1 is slowly admitted to the evacuated cell through gas delivery tube D until, when the pressure exceeds atmospheric, HC1 can be discharged from the cell through the sidearm drying tube I into a disposal sump. A convenient disposal sump for the HC1 is the interior of a filter flask which is connected to a running water aspirator, the filter flask being also vented to the atmosphere. A slow flow of HC1 is maintained through the salt mixture while the temperature is raised to 500~ fusion occurring at 352~ After fusion, the melt is saturated with HC1 which must be removed. Most of the HC1 can be removed by evacuating the system for a few minutes with the water aspirator and then using argon to bring the system back to atmospheric pressure. Evacuation of the system with the water aspirator and the refilling with argon is repeated once more.
At this point it is convenient to add the compartments B to the system, if they are to be used in an experiment. Their previous treatment consists of having been thoroughly cleaned, rinsed, and vacuum-dried at 400~
They are added to the system one by one, while hot, through the large holes in stopper C, using the hook H to make the transfer. The compartments fill by gravity during the final step of the melt preparation.
As a final step, the system is evacuated on the vacuum manifold for 3 hr. The pump is protected from HC1 vapors by a 24-in. column filled with an Ascarite-Mg(C10,)~ mixture. The system is brought back to atmospheric pressure with argon at the completion of the evacuation period and an inert atmosphere is maintained over the melt for the balance of an experiment by a continuous slow flow of argon. Argon is delivered by tube D to a level just above the surface of the melt.
Results and Discussion
The polarographic method, using solid microcathodes, was found to be an excellent way of detecting the presence of eleetroactive impurities in the solvent preparations. Curve D of Fig. 2 is a typical polarogram of those observed for the solvents which were prepared by fusion without precaution to prevent hydrolytic decomposition or which were prepared by fusion under moderate vacuum. Evidence of soIvent contamination is shown by the rapidly increasing current at --0.9 v. The cathode process giving rise to this current is accompanied by the formation of visible gas bubbles at the microcathode surface, indicating the process not to be solvent decomposition. Another experimental fact suggesting eontamination is that the Pyrex container of a solvent so prepared is deeply etched within 1 or 2 hr exposure to the solvent.
The procedure of solvent preparation given here is designed, by provision of an excess of HC1, to shift the hydrolytic equilibrium H~O -k CI-~ OH--6 HCI f (I)
to the left. Under these conditions the moisture volatilizes from the system without the formation of hydroxyl ion. Alkaline contamination is undesirable because its corrosive attack on the Pyrex cell leads to further contamination of the solvent and because the electrode reaction
interferes with a study of other electrode processes which occur between approximately--1 and --2.5 v vs. the Pt-Pt (II) reference system. The effectiveness of the preparative procedure given can be judged from curve C of Fig. 2, which is a polarogram typical of the eutectic solvent prepared as specified. For curve C the residual current preceding the terminal process of lithium metal deposition is less than 3 tLa at a microcathode of 0.8 mm ' area. The inherently wide decomposition potential span of the LiC1-KC1 eutectic mixture is thus accessible for the electrochemical study of such solutes as CrCI~, FeC12, CuC1, ZnCI~, and MgCI~. None of these solutes can be studied at low solute concentrations in the contaminated solvent because reaction (II) is competitive with most of the electrode reactions of interest. Furthermore, the alkaline environment of a contaminated solvent results in precipitation of some of the solutes as insoluble species. The freedom from alkalinity of the solvent when prepared as described is attested by the fact that the above solutes remain in solution and the fact that the Pyrex glassware is only slightly etched after days of contact with the fused salt solvent.
Although reaction (I) is written as an equilibrium, the reaction is not shifted readily to the left once it has proceeded extensively to the right. Fusion of the eutectic mixture without precaution to prevent hydrolytic decomposition yields a solvent the condition of which cannot be made satisfactory by the passage of HC1. The corrective treatment does not serve in place of the preventive treatment.
Data which illustrate the slow release of moisture by the ground eutectic mixture are shown in Table  I . These data were obtained by determining the volatile material collected in a trap, cooled with a dry ice-"Cellosolve" mixture, which escaped a 195.4 g sample of the ground eutectic mixture under the conditions indicated. It was concluded that at room temperature and 0.1-0.2 mm Hg pressure the major portion of the moisture is removed from the ground eutectic mixture in 3 days. The numerical values of Gardner, Brown, and Janz (2, 3), reported on an extended study of weight changes as a function of time and temperature of alkali chlorides maintained at 10-' to 10 -~ mm Hg, cannot be compared to the data of Table I because of the differences in temperature and pressure conditions. Both sets of data yield the same general conclusion, namely, that moisture is tenaciously held by LiC1, even at low pressures.
A summary of observations, based on the results of altering the experimental conditions given above for the preparation of the fused salt solvent, indicates the conditions prescribed to be optimal for the production of a high quality solvent with a 
PREPARATION
OF LiC1-KC1 EUTECTIC SOLVENT 519 minimum of preparative effort for the amounts of solvent required in electrochemical studies. The quality of the solvent preparation, as measured by the polarographic curve, is lowered if the time of the "room temperature" evacuation of the ground eutectic mixture is less than 2 days. During this period the preparative operation requires no operator attention and little in the manner of equipment. Shortening the period is therefore not particularly to be desired. Shortening the period during which the mixture is heated, under vacuum, from room temperature to 300~ is deleterious to the solvent quality. Substitution of the vacuum condition during this step by 1 arm of HC1 pressure is also deleterious. Experience shows that the fusion step must be performed under HC1 in order to prevent excessive hydrolysis because the vacuum conditions prescribed are insufficient for complete removal of the moisture prior to fusion. Fusion of the mixture at low pressure of HC1 is without beneficial effect on the solvent quality. The time required for removal of the HC1 from the melt is not appreciably shortened by interrupting the evacuation with frequent flushes of the system with argon.
Several attempts using other means to remove moisture and hydroxyl ion from the melt proved to be unsuccessful. The chemical reaction of either SOCI~ or SiCI~, introduced as the vapor carried by a stream of dry N, constituted the most nearly successful elimination of moisture and hydroxyl ion. The hydrolytic reactions were slow and incomplete under the conditions of the experiments. Use of acidic metal chlorides in the same capacity was ruled out because of the cation contamination thereby introduced into the solvent. Prolonged electrolysis of the melt between graphite electrodes failed to produce a pure solvent, as judged by the polarographic criterion, probably because this method does not eliminate oxide contamination. No noticeable improvement in the residual current characteristic was produced by the scavenging effect of cathodically deposited Li. Melts prepared in contact with Vycor and Alundum containers had the same residual current characteristic as those prepared in Pyrex, indicating the container material to be of little apparent significance.
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